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iiitrFis*<75Ssii] 

ISS i G eSIi^±!CfM$i^fc 10 0 n mtiTtDJi: $ CO 

nfcy- hmii75>e>'ii!). ±15 s i st±^^mimt<o 

TO. h/wKATcoaK/-<7-^^*^#te?: 

o xw-m.it ^ixx^^^zt^wmt-r?> ^^»f*^a. 

> t,±f£y- hl;11T<^ni^(-t3fcoT0. 0 2¥ 
ft $ ixT V ^ 5 - i *r1#m t If *il 1 IE«(75JjiW»S 

S i Geiiigcii(;S iS*:±iliL.. UA^^>^±ISS i S 

[11*314] $tggB^^S:(t^i^fcS i G e SiilccoJiic: 
m^nin 0 oi-y /-■^y.Tff^mi s i)iS:±taL. ± 
taitajtufcs 1 s i Jisu^s i G e mmiz^^mzm 

^1 s i lco±si5(c/i:$2)s 1 0 o:h/ p^-^'y.Tco^a 
S iSSrH^L, Ji£M2 S i SJcJfe^y- h h 7 

(f§*il5] Sffi^Sf|5fC7F^fiSc$ixfcS i Ge^iS, ± 
las i G e miS.±izmm^tift I O O nraWT(Oli:$Sr 

^ L^OTSffig|5(7?^|3ei^z8gA^ 1 0 W 1 7 ^/tL:)J c m 

S i ®<75«SiC 8 0 0 •y'f-^ — h/u/ V s 

(0 0 0 1] 
[0 0 0 2] 

[f^je<75C?'f&] S i -MOSSmif-Jc/ll^ S7 v->';^c5' 
(Si-MOSFET) ^fflt^/t4^^jS0:m«lHl^^§T- 

9 -5^— hft;)^ 0. 1 -r-Y E/— h^^mJg*T-SS/^$i^ 
[0 0 0 3] ^7t. ffiiifkWfilSt'i o^ftglwBSrlS] 



(2) 

2 

-COi^lCt^Jl^COS i -MOS FETT-tit 
[0 0 0 4] ^tl-Jii±<75ttfigfSl±(CI±. iJ£a|[^i|s|.:eo 

[0 0 0 5le&cT. S i &?>'rixi:|5|J057C^-C'*>-5G 
[0 0 0 6] *<!f:6<]}Ci±. S^ja^ h7>-v=^^'C0f'-ir 

20 MPPJOJcj; "9 s i ^r^"^^Tf^iS.m<DmP^(r>^'=t^^z:m 
m<r)s i x'ox^<'ti>(DX'h^o 
[0 0 0 7] s im^itG eizm^ma-r^bt. 

ff^V^S i ^I^MiG e iZtt-^X^^ 'J T(D^m&t^^i^ 
i-5wi:}::ou>-C{i> M. v. Fischetti a 
ndS. E. Laux:J. Appl. Phys. 80 

(1 9 9 6) . 2 2 3 4(>:g3^$iXTV^'5o 

[0 0 0 8] 

fit U-C(±, S i SligitC+^'iff^^cO S i (l-x)G e 
30 (x)COS i Gefg:a^aSI^fi)c:ft^^±> jEtC-ErcOiSC S i» 

[0 00 9] +5J-^<e/li=f<^ S i (1-x) G e (x) fga^sM^/S 

ft-f?.i^tc, fli(^(ce^?5s^^-r5 ti^flfics i (i-x) 

G e (x)rgfam<73fi)cftSrt*&^^Sia:;}5ii:*:U, ^^/i'^ s 
i (l-x)G e (x) i:I^g-Si;C7^£5. gn*5. S i S«i: S i 
{l-x)Ge (x)^i:ro^^^:^§^;55^?0$ix5, r 5 LT 
/5gfi$nfclS^lt?aS i (l-x)G e (x)SI(;5±(CS i 3I*r 
fiKft-fSir-ecos i a(±Ert-C-2lftro?I^MSrS(t5:: 

40 (GO 101 tz.^*'^. 1«T=-^S-&co^?pcoa(cs id 

-x) G e (x)fSa^B^lce^-45A5 r. i !il^B^IC3IS®cO^ 
(0 0 1 1] *%B^75Sfi?^-r5^1<73^M(tf''<'<^(75 
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1 0 0 1 2 1 ^ 2 (c. ss i s^^ts^m'^m^^mm. 

^faS i 5«lcioi/^TliP<gg(0/ii,^5!iA<tt, il 

i s i G emmuam^^t^^'0^t$:mmzi6\,^xit. s i 

GelFfl^DlTl^ejCOGeCOtttt-^mS i Jl(75^|SfQi: l/^ 

[0 0 13] ^fc, s^Y^/nilf-?a*S7i'v'^^r- 

[0 0 14] 4 :i->&Amz J: E.^7um t^Tcm^ 

m^£?>^^iz&.^.-r^iimfi'^n^fstii>AK '^^m^^b 

a y r yi'(r>m'mA'^itm6^^m'.zn ^-fttK m.s imt 
s i G eMf^^p§*r-&^f##*s^g^cii^^T(±. s i g 

[0015] :$:-MI^(±±fe 1 TjM 3 WtSM^^^-T - 

[0 0 16] Sfc. :$:5IW<75flfc<73i6*Hi;l>;5^5^«ff^ 
[0 0 17] 

(i-x) g e (x)m^amm<riw-^vtAm'rnmzRiSirB9 
[0 0 18] ±.simi(omm^Pi^&:T^tzmz. 

[0019] mz. S i G e ±COHt)IES S i S i: y— h 



(3) 

4 

Z<r)^m5Ph S i S<^¥ffi«wft«/<!7-^*i!#t*JJ5gf 

atfco Sfc. fifite^s iJicDi5;^d!5 0:^y^-h/u 

(nm) iiiTi:Sv^^•a•^CI±B^ifes i GeMpfl^DJliM 

s imt(ofs\<r)^m(o^hmmizmL<^^^^^i 

[0 0 2 0] {Ztlitmm(OWdh(Dm 

mzn^-r^) iz^-t^^m^^tLt^iz^ h^i&mz 
fcv^-c^i (f-i') ^i^^, ^rojiiST-s-^TiMciSTi- 

(±, (P^£<ttS i St-/- hT&^SI>cDFBl<D#S(^¥ 
att;*?, »fti5)t5)-!l5 0 . l^/pt-h/L- (nm) A-hl 
O-r^- ^ h/u (Mtn) <Oi511rtiCiQ(t-5afS^^7 

— iO. / ^ - V (W-linm) SSL 

<J±0. 0 2^:S^:^y ^— h/i^ (^:&nm) iUT> ir-f 
5 - i Iw J; o -cajf ?i^^^#<4/i5|^ibn5 r. i 5:Ei±S U 

[0 0 2 1 ] Sfc> ZCDXo^i^i<¥t:mtii-mtZS iS 
S i (l-x) G e (x) jE:iem ( x (± 1 J: "9 /h $ I. ^ jEcO 

#ft:^M<75Sitiwib'i'^T;±ii. s i c emmnm^s i 

Sffi±lCfiicSmiCft^a«Wgte (CMP) ICioT^ 
[0 0 2 2] ±tSM2co^gtrjl?*-r5(C(±, SRAiWtr 

[0 0 2 3] nCMZ^ HiitaS i Slg±lCS i (l-x) G 

e {x)m?^Dnm. s i M^mm(Dm{zmm$t\^tc^m- 

f*S1S^Siii-rS= S i (I-x)G e (x)SFnfflUgi: S i S 
i(tW($Sj:j:SiS5SSS^m{fc^mtafi!cSS (UHVCV 

D) ^(O^&^^i^-Cfigfi.i-ttoZi/iSSSLi^ S 

40 icf+lt-C*i< r.i:!45aSL.V\ S i G eMSlADSWG e 
ft%g^-rS x(10 A^ib 1 <75sallrt<75f£.«'?51S;!i5-5T^T- 
fe-5i!l5^4W.*rX'!S0. 3~0. 4aS;)5gSLV\ Z 

CO X {iimm:nmznLXJiL-TLh-'&xh?>£'mitm 

<, S i GeSE^^OS(Oli£fti::oi^Tx5::'^t<^^- 
(0 0 2 4] Sfc. BtllSiii^f*:Sffil±rcom;^^t3-frlC 
K6-f, giJ^{±'. S iS«>S i G e;li:(Dra1(CS iO 
2 t'W^a^t^$1^5^fA$i^fcflffi3 S O I tSitcOflPPSD 
so SST'Sjo T bSi'''o 
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[0 0 2 5] iiz'iZ. ^^/uffMxmSrJ5Si-o 
jgciCZi^Tn^^ K-t:':/^$irTWmSlrPi!i: t. P 

$-tt-c*ss[$rNai:-r5o mmi-?>s lacoisms^ 

[0 0 2 6J iSfciC. Z(D4^^»SS{C^^5^gtXS2:SS 

i-o ^?>ff6^?ftS&fl::i£ (LOCOS) ^b^y^H^m^^t' 

to 0 2 7] fttc. ^7^/uffMxm. ^-r^^StXS^S 

tR6^ t«:/Sg $ -^t ^ ^gg^c^ U H V c V D fe^ 1/ ^ 
10 0 2 8] ±f£'?:r:/uB/SXM^Src^^f$:£ 

s^o^i s i s^^s^$liil^tJl!^xs{cJ;ai^*liS^^^J: 
vr^ufi8;fi{cj:oTm2 s i s^ffM-rasuic. mis 

i/^>'^icJ:i9RS^.^Lfc;^;5^SS Lv^ ^fc. ^2 3 i 
ig60fi!c:ftiC5fe35:oTS i G eS^^:S:1-5 ^ 

[0 0 2 9 ] ±mm2(Dmm^nm-r^sim:^&^^^^ 
fiifi'^^/^Tgfiicxmjc^oi.^Tjimi s iS^sco^ 

y r ^ y^<r)^^mm7^^^'S^^^ti:i:UinoXm2 S i SSr 

[0 0 3 0] ^l/Mt. ^2 3 i H^-tPM 1-5 fci^cOS i 
(753^t'5^>'r/^iSfti§M<7:>?;]^iw^J«^»Sd5l 0(D 

Si§m<75?;3^ic:^^564^?«ig;i> 1 ool 7«/a:i£-fev^ 

(cJ:oT{i^'^0SLriEo{i^l41^f5(S;5n ooi 7^/ 
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[0 0 3 1 ] i/^TixlCLT^. ^It^'- h h^Vix;^:^ 
75>ffM^n5a:±Ji<7)S i SSSBco^pg^SS^ 1 0 

[0 0 3 2] BuISS i (i-x)Ge (x) ^^ADUCI J: »9 

(m2os i S) coji^^r^n^'ni'-i 0 o-^y 

~1 00^/p«-h/i- (nm) <7)TO(a{ct*o wi^i^M:^ 
[0 0 3 3] ;^^;)^5*^0>^;cJ:tili. Stg^raSJlCTFM 

$nfc¥ta/=^^®^^-r5 s i oem^^. ±15 s i g e 

ffligci:t::itll^tL/-c 1 0 0 nm\iXT<r>W-^i^\^i<0^ 
SSCOD^^^^SS/I^ 1 0 CO 1 7 S/3i:fr c m\i^T(0 S i 

Jl<?:>^atc8 0 o^::^-tr^^f^;^- h/i-/v s ^J.±,(0^^ 

[0 0 3 4] 

\zr>\.^xmmimfxmm^^o 
[0 0 3 5] sr. ^^T'y^^ ^(Di^^m-^m^mm^ 

5. (tL:i6(CS iS1ig±iwS i (l-x)G e (x)^^:/]D]l^ 

30 ^,i;K^^N»:{b^^^§^ftfi (uhvcvd) 

ScSFS (CMP : Chemical Mechanical Polishing) i$ 
[0 0 3 6] MiC, a^tJOmif^f^/S-r^Ttis!)^. »ib 

Z.f\h^^Wu^(D%t£:^ S i G eMfflADiiiiCS i 
«f$ii^UHVC VDffiCJ: "^iSSr^a SrjCMPic 

[0 0 3 7] ta^. S i G e ^SlSOgcOi^^ff 3 ^ 
n7<-h/^. S i M*2JK$:®Oji:;^|j:2 7<- h^u- 

tL, S i Ge^Sl»DS<75Ge^Wfix(i{li:i^C0 2-^ 

^ :7 n> - h/K7:>ii:^ ^ r'0;5^b 0. 3 >SIJl:;7f^{c>ct 
^x\to, z<r>-'^\^tl.fZo 

[0 0 3 8]<ifciC. zrLh(D^fMz^-vmmtKi:^ 
-^r'- H S i O 2SI(7:)B^. ^y-v-l^ ^^VSI^OC VD. K 

50 j:^^y^:y^^\zi:^^—V%mL(omfS.. y-^^Ki-'-r 
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[0 0 3 9] s i G e mmmM t s i m.^m^^m t <r>Wi 

^Sm^^i^^ra1;^§imi (AFM) T'S^L. ASTM E 
42.14 STM/AFM^f4§*^i(l^{C2i-rS/^'7 — ;^-<iJ^ h 
/^ffat:a£(Cj: '^trofCo ^tltt Power Spectral Dens 
ity (PSD) t^>$rT.. lj«?:»*{C^coffii^(;)F FT(H 

nm) Sr*i65 t)C0trfe5o 

[0 0 4 01 Sfc. S i M^*(*:Jii:<>*- hl&ltS<!:<^ 
[0041]!2ll'.CSiGe SSI JDS ^ S i ^^^^M 

[0 0 4 2] 
[«ll 
136 1] 



^ ^ « 




& 3? 2 


A 


1 1 


2 1 


B 


1 1 


2 2 


C 


1 2 


2 1 


D 


1 2 


2 2 


E 


1 1 


2 3 


F 


1 1 


2 4 


G 


1 2 


2 3 


H 


1 2 


2 4 


I 


1 3 


2 t 


J 


1 3 


2 2 


K 


1 4 


2 1 


L 


1 4 


2 2 


M 


1 3 


2 3 


M 


1 3 


2 4 


O 


1 4 


2 3 




1 4 


2 4 



[0 0 4 3 ] /^ri. ±i£^^^T'ajg 1 S i G e MSIJQ 

ffSir'^'-hSSfl^ii (S i0 2lll) #®<7^aa?:7Kl-t3 
<^T^i^«9. 1--1 4Sr>'2 1-2 4(l^tl-?nil 

[0 0 4 4] ::.-abS^c^a#cias^}^oi^f4<7:»«m6^ 
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vmiiSc^+Si: «9S:aLfc^ra (2 7^) -Cf7)^<5f]#i(iS 

[0 0 4 5] cco(l!3J:t9, l*$^A-D(7) J: a {cf^:^<;) 
p CO j: ^ (ii5f;^<7:>a!t7iS/J^ $ v ^K*4^7:)^i(iS;)^ft t> fii < 

[0 0 4 61 1-/^^3*?. if^<bt7:)|?-ffifcMO S F ET(7) 

*^i£0ilcOlKlT'{±S i s*^l$:iioii:;z^;5^ 2 z^-rj:^ — 
h/u (nm) fiOJ^'&(;);^^7T^L7t;i^ ZixJ!JX7l^<75#^(7) 

-ry ?^-Vj\^ (nm) ^ig;t^<i:. S i G e ^3^*0® > 

x.5i51f$r/J^$ < To7t*6{C'ii>^/d:ffiSft. S iGeS 
mm b S i ^^WfrH^ra. S i V 
l&mVf (S i02ai) ^m<D\^^'rM^(D^m\^^^'^X. 
ag^<!7— ;5S0. 1 nm;5^ib 1 0 m m(DWL^mm\Zt>fz 
oTo. 1 h/Ui^T, u< {to. 02 

[0 0 4 7] iP^. ^-V^^mmtS l ji>:CO#®S:C/ 
S i G eSt S i ai<75^Dia(7)l/>-rix;5^?:i:l5®iai^O 

3 X 1 0 5 m-- 5 X 1 0 <7) 6 ^-V/ c m(^|l 

/u/V s JL^±(7)MO S F E T^if^S^'te J: < f#6ix5a 
[0 0 4 8] ^fz. S i G eili: S i il i: 

tcJ:oT. •eco±{::ita$ixAci 0 0 nmJLUT<^05lp^/^s 

[0 0 4 9] S7t. ±fePi:^(?5#s<75iPifls$r±ia^M 

ft-^icTK-r J: 9 {z^- hmm^(om,r^^mt)^ 3x10 

CO 5 5 X 1 0 £7) 6 c m(0||ffli5ll-C'^^^>/U' 

^Xm^tzMO S F E T/I^SIHIJ: < itbtl^o 
[0 0 5 0] ±fdmiS/-!7~co^fISaaS:El 4 (Ctf-To 

MiaT#5(5>'/j^^</^^, ffigcoKSisiir* 1 0-^^ 
50 ^mmit. m^{tz3rii^±x^r^mm(D^z^'of)mmz 
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^^*:^acOI?fffillS:(215(30 (i) (2) (3) >g.l>'l216 
<7> (4) (5) \Z7r>-t, 
[0 0 5 1 ] [± S i Sffi 5 1 ±fl S i (1-x) G 

e (x)Sfn^Dii5 2 S:UHVCVD?:£{Ci: i9 ^51-5)0 
s i G e^BWDSs 2<7:»fiic:S(ci:oT^n/::^<7:>^SSr 

[0 0 5 2] S i G e ^^^Dll 5 2 ±}cm 1 S 

iS 5 3 ^UHVC VDfefC i 

5o ^cC^b\ s i Geco^S];^Dji5 2o;i:;^{i3-^-f 

> — S i COM^*l*S 5 3 COji:<;s^{i 2 5^/^- 

hvl-tL. ^^AQ/iS 2(7:)G e'g'*^x(if7}*^0 2 -^-Y 
n^- h/K;)/5$X'(±0;i^»bO. 3 STilii::^i^(c^t 
LTiSiEfi^tcitSDSii:, J5 (75 1 -v-^ n — h>'KD/i: 

(1) \z7nir^o{z^ m^mw-mmmm^fx.^. 

(0 0 5 31 <Sfc{C. <lcO^?»f$5S{C'>.n/U'fMXm^ 

(i. 3tjffi^3c0l^]g^^?g^t-5Jti6iC. 

ff;?)^ 1 0(75 1 7^Slz:?£-tr>f"p^— h/i-W±{c;ij< /^^ 

[0 0 5 4] ::0^?Sf$:S«}C^^5i'gifflJgc5 4 

{Si02m) 5 e^Mf&L. ^(D±\z^^^s'ss imm 

U-i:^;^ K€rl^^Lfc:btSi^ll5(75 (2) {ZTfk-t, 
[0 0 5 5]t:fc{r. TEOS-CVD?i{Cj:*9 S i 02 
BIS 8 ?r±f£ h uvf^dffij^^iA;^^ CMP{ZX^ ^tih 
^WCDW^iBit^nOo Z(D:\)tm^m5(D (3) (Cij^i-, 
[0 0 5 6] ^a^aSfS i 5 7 ^Klt^^ 

IS i/i (M^i^f*:S) 5 3C0^g^- :yf=->^75^fi 
r^^kLTtt^jr, UHVC VD^iiCJlJ^ S i ^^b:'^:ir>- 

mmsomm^nm^^tz^^z^ z^m2s iss 9(d 
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S^116(75 (4) (Ctk-To 
[0 0 5 7] PSh7>":/;^:5^misjc. NMhyl^ 

[0 0 5 8 ] m^it. a^OCMOS h7 Vv^y^iJ^Siifi 

>^^±:^{z^^^ y-hmmm (s [0 2m) esco 

10 . K u-^ ^mM 6 1 of^fig. ® ftli^a^M 6 2 cofj^. 

^^1~Oa -E:(75^J5gt^|i(75Bf®i2I?:lll6(75 (5) {ZTjk 

[0 0 5 9 ] iU±(75^n-fe^^gr^;5XL7t by^i^y^ 
^{t. S i G e (75M^;fiD® 5 2 «9 x:(D±(D S i (755=- 
r^^/^ffM^iScS 3(CSd5Bl^D$fLTl/^5C >, il^'-i: 
CiViPi;iJ: "9 ^tLtb(75#iacoajggn^^tsS7i5ia^(cffl 
»^ixTi^6::i:. IP^. S i G e^Sl^Diii S i 
20 ^f*:/i i: co#S t S i S^iSf^ii i: h Ife^fr ( S i 

it^N!7 — 0. 1 nm;^^^ 1 0 /i mOSSialKctpfco 
TO. h/i-«T. S^L<{3:0. 02^ 

aiXm(75f^{CS i :2:f^^v-i'/UfiS«S5 9 (CCOSfi 

^^#J{Ci5^SijK(75ii:TS:tt]HLfcr irtCctoT. lU 
T 2 f^i^±(75i;ffiaii(jgg;^; > ^»if^iis^^?af 5 :: 
[0 0 6 0] I.(75J:9^^^^0^S:ig«L.T^«f^«aiHi 

lo 0 6 1] &.±(D^mmx'mmLtzxo'iZ^ m^tL 

X S i "^n:— yN^^ffi LX'ttliiiB^(D I C^L S I <D 

j:oT, a^<75 1 c^Ls I t-mtLtzj:^m^mf£ 

40 LSI - tTJ^T't-So 

[0 0 6 2] ffiiaLfcC±:;5^JbSA?^tl5J; 
*^?^{wJ:tL(i\ PSf^^^^/^<7)MOSFETT'^or 
t>NSf'rt»'l^C0MO S FETXh^Xh^(D^'Y^^/l^ 
^CO^^ri- y r^i!jjg,-55 4 0 0 ¥:^c ra/ V s g(±(75 
(75. JE(wJ18 0 0^;^c m/V s W±(75t>(75€rS?a'l4J: 

<if^ztr^x^o(DX\ mz\&m^'m:bv(7:>mmw}i'^ 
^-r^ztti'^X'^^, 

[0 0 6 3] St. ^<75i^^P^^>iii/U®, N^i'^^ 
50 ^./uM(7)NMO S F E Ti75^t(ljK?r±iaRff^(75(tlc:rtl|,t 
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CMOS LS I (75[olsS13:fft ^rVTl^Wl 
g#+*WMo/iCMOS L S I A5pjggi/^5, 
[0 0 6 4] 

tin 1 ] ^^m\Zi^.t>^ S i G e MP(l;')Dg t S i 
1112] 3^^B^(c^*:)3 S i f-ii€^JS 

[mi] 



01 




to' lo' 
%IHUK CVAaD ■ 



(7) 

12 

s i G e MenflPSi s i m^mi^m^m, r 
xis im.^mw.mt¥-h^m.m^m(Dmi<r>m.^z:m. 

[H 5 1 ^^^mmmm 2 \z.7p Ufcrn^Sb* h 7 
[He] :$:MB^coilffi0iJ2l;i7nLfcili#a* h7>-v^;^ 
[??#(75l!i?ql 

10 5 0 ••• h 5 1--SiStS, 5 2--SiGeSPn 

AQJi, 5 3 •••mis iS im^mw-m) . 5 4^-^^^ 

JfSi»SI. 5 a -S i 02 ht^V^aftii^ai. 5 9 
•••^2 Si® (Si ^e^drv--^/i.;5JjftJl) , 6 1 •■•y 
. Ku-O^li^^f^^lt, 6 0->/- hmiS. 6 5- 



[112] 



92 




ojoooi Lj ! 1 1 I i_ 

tOtn Ifoa UXtam lOoa . laa lOOpm 



[114] 



34 




ICwa Ita tOOm lOmn Im 100^ 
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